In order to model the mobility of the postulated disrupted core in a core disruptive accident of a liquid metal faster reactor and to provide data for the verification of a reactor safety analysis code (SIMMER-III) a series of experiments was performed to simulate the behavior of a solid particle bed in a liquid pool against pressure transients. Experimental analyses using the SIMMER-III code show that physical models and methods used in the code can reasonably represent the transient behaviors of pool multiphase flows with rich solid phases as observed in the experiments. The validation of several key models of SIMMER-III was also discussed for treating transient behaviors of the solid-particle phase in multiphase flows.
I. Introduction
The development of SIMMER-III, 1, 2) an advanced computer program used to predict the coupled neutron and fluid-dynamics behavior of Liquid Metal Fast Reactors (LMFRs) during Core Disruptive Accidents (CDA), has been conducted based on the development of AFDM 3) and SIMMER-II 4) at the Japan Nuclear Cycle Development Institute (JNC), initially in collaboration with the Los Alamos National Laboratory in the United States and, more recently, with Forschungszentrum Karlsruhe (FZK) in Germany and the Commissariat à I'Energie Atomique (CEA) and Institute de Radioprotection et de Sûreté Nucléaire (IRSN) in France.
5) The purpose of SIMMER-III is to alleviate many of the limitations of SIMMER-II and thereby provide a more reliable tool for the analysis of CDAs. SIMMER-III is a twodimensional, multi-velocity-field, multiphase, multi-component, and Eulerian fluid dynamics code coupled with a fuel-pin model and a space-and energy-dependent neutron kinetics model. In order to apply SIMMER-III to LMFR safety analysis, the code must be demonstrated to be sufficiently robust and reliable. Therefore, it must be tested and validated extensively.
In a CDA of an LMFR, there is the possibility of the formation of a disrupted core, in which solid-particle/liquid multiphase flows are formed due to the existence of the mixture of molten fuel, molten structure, refrozen fuel, and solid fuel pellets, etc. Figure 1 shows a schematic view of this kind of disrupted core. It is anticipated that such multiphase flows might cause the formation of a disrupted core with low mobility, in which case recriticality due to fuel relocation could be mitigated.
Designed to be a next generation reactor safety analysis code, SIMMER-III is indispensable for the appropriate simulation of the behavior of multiphase flows with rich solid phases against pressure transients. Although in the SIMMER-III code there are some models that take into consideration the extra influence of solid particles on the behavior of multiphase flows, such as the particle viscosity model and the particle jamming model, so far little work has been performed toward the verification of the validity of the SIMMER-III code on simulating this kind of behavior. Due to this lack of experimental validation, the mitigation of recriticality by the low fluidity of a mixture of solid particles and liquid components has been neglected in the safety assessment of power reactors. In this study, a series of experiments was performed to simulate the dynamic behavior of solid particle beds in a liquid pool against pressure transients and to provide data for the verification of the code. Numerical simulations on these experiments using the SIMMER-III code were also performed, and the simulation results using SIMMER-III were compared with experimental results as basic code verification.
II. Multiphase Flow Models
For the present experimental analyses using SIMMER-III, three-phase flows of solid particles, water, and nitrogen gas, which are, respectively, assigned to different velocity fields, can be modeled by the following mass and momentum equations:
where q and q 0 (¼1, 2, and 3) mean the components of the three phases, is the volume fraction, v is the velocity vector, K0 is the momentum exchange function between the components q and q 0 , VM q is the virtual mass term, and S q is the deformation velocity tensor of v q . Here, K qs is used to consider the effect of a particle jamming model, which will be explained later.
In Eq. (2), the fluid-fluid drag term P q 0 K0 ðv q Àv q 0 Þ is formed based on an analogy from engineering correlations of steady-state two-velocity flow. The mathematical form for K0 is defined as:
where A0 is called the viscous term while B0 stands for the turbulent term. The quantities A0 and B0 are functions of flow regime, volume fraction, velocities, binary contact areas, and viscosities. In the SIMMER-III code, this fluidfluid drag term is simulated for the purpose of considering the intra-cell momentum transfer between different velocity components.
The seventh term in the left hand side of Eq. (2) is the socalled Viscous Diffusion Term (VDT). In the SIMMER-III code, this term is simulated to represent the inter-cell momentum transfer. The viscous diffusion term was initially introduced to the SIMMER-III code for the investigation of the effect of bubbles on the behavior of a molten pool. 6, 7) So far, however, little verification work has been done about the effect of this term on simulating pool multiphase flows with rich particles. In this paper, the effect of this viscous diffusion term coupled with the following particle viscosity model will be discussed.
Particle Viscosity Model
In order to simulate the penetration of molten materials into, and their blockage formation in, a cold structure channel during CDAs, it is important to simulate the effective increase of the fluid viscosity of the materials due to the existence of solid particles in the molten mixture. Russel 9) has made a comprehensive report relevant to the viscosity increase due to the solid particles and has proposed the following formulation for colloidal suspensions:
where C is the effective viscosity of the continuous liquid phase, L is the viscosity of the continuous liquid phase, is the volume fraction, the subscripts L and P stand for liquid and solid particles, respectively, and MP ¼0:62 is the maximum volume fraction of solid particles. The above formulation was verified by experimental data 10, 11) using water and polystyrene latex-particles with a diameter of 0.1 to 1:12Â10 À6 m. The applicability of Eq. (4) to systems with much larger particles needs further discussion, but this issue is outside the analysis range of this paper.
A particle viscosity model based on Eq. (4) was introduced to the SIMMMER-III code by replacing it with the following formulation:
where f is the model parameter. Tailored from Eq. (4) proposed by Russel, Eq. (5) is used in the SIMMER-III code with f ¼5:0. This equation realizes the smooth change of effective viscosity over the wide range of particle volume fraction. Figure 2 shows the comparison of effective viscosity between Eqs. (4) and (5). 12) With the application of Eq. (5) in SIMMER-III, C is used to substitute the conventional liquid viscosity appearing in the calculation of the quantities A0 and B0 as well as q in the viscous diffusion term. Although the particle viscosity model was originally introduced to SIMMER-III in the simulation with respect to the penetration and blockage formation of molten materials to a structure channel, little work has been done toward the verification of its effect on the simulation of pool multiphase flows with rich particles. In this study, the influence of this particle viscosity model on the dynamic behavior of the particle bed in a liquid pool will be considered.
Particle Jamming Model
A particle jamming model was also developed in SIMMER-III in order to appropriately simulate the blockage formation of molten materials when penetrating into a structure channel. Considering a situation in which solid particles Simulation of the Dynamic Behavior of the Solid Particle Bed in a Liquid Pool flow into a cavity and accumulate from the bottom, solid particles usually cannot occupy all of the space in the cavity, and thus their volume fraction has a certain maximum value. This phenomenon is called ''particle jamming.'' In SIMMER-III, this is modeled by inhibiting the inflow of solid particles into a computational mesh cell when the volume fraction of solid particle in the cell exceeds a maximum packing fraction by assigning a large value to the momentum exchange function at the cell interface.
The idea behind this model is to define a function of the volume fraction of particles, which increase exponentially with the increase of particle volume fraction and become large as the maximum packing fraction is approached in a computational mesh cell. Using the same function used in SIMMER-II, 4) a particle jamming function was introduced to the SIMMER-III code. The function is based on the assumption that when the solid particle volume fraction is smaller than a defined maximum packing fraction, then the function remains equal to zero, but when the solid particle volume fraction approaches the maximum packing fraction, then the function will rapidly increase to an infinite value. This particle jamming model is expressed by the following formulation:
where PJmax ¼0:7 is the maximum volume fraction of solid particles while PJ ¼0:95 is the fraction of PJmax above which the particle jamming model is applied. The model parameter C PJ is set to À10:0. This function remains zero (i.e. ¼0:0) if P is not larger than PJmax PJ and increases rapidly to 0:1 C PJ À1 (i.e. ¼0:1 C PJ À1) when P exceeds PJmax PJ .
In the SIMMER-III code, is added (not multiplied) directly to the momentum exchange function K qs , which appears in the momentum equation, Eq. (2), between liquid phases and structures even in pool flow, in which case the effect of the structure is negligible. In the case of the pool flow, therefore, the effect of particle jamming on Eq. (2) can be considered to be K qs ¼.
The particle jamming model was also mainly introduced for structure channel flows, and thus knowledge about its influence on pool multiphase flows with rich solid particles is limited. In this paper, mainly the effect of this model will be discussed.
III. Multiphase Flow Experiments 1. Experimental Apparatus
A schematic view of the experimental apparatus and overall arrangement including key dimensions are illustrated in Fig. 3 . The basic apparatus mainly consists of a cylindrical water pool (inner diameter 310 mm and height 1,000 mm) made of transparent acrylic resin. Steel flanges are used for connections at both the top and the bottom of the cylindrical water pool. Above the top flange, there is an upper pipe with an inner diameter of 100 mm and height of 500 mm. In the upper pipe, a floater is set on the water surface to allow the water level change to be easily recorded by a high-speed camera. Under the bottom flange, there is a pressure vessel made of stainless steel, whose effective capacity is about 560 cm 3 and whose exit is closed with a rupture disk at the beginning of the experiment. Inside the cylindrical pool, a sleeve with an inner diameter of 290 mm and height of 160 mm is used to hold particles. Two plates with a total height of 25 mm are installed at the bottom of the sleeve. One of these is used for the laser beam to pass through for the detection of the first coming of the gas phase from the pressure vessel. Between the two plates, an iron sieve with a 5.5 mm-aperture and negligible thickness is laid to prevent particles from falling down and, in turn, make laser detection possible.
The cylindrical water pool is surrounded by a quadrate water pool (420 mmÂ420 mmÂ1,000 mm) made of transparent acrylic resin and in which water is filled to make visual observation inside the cylinder possible and reasonable by avoiding the convex effect of the cylinder. Two pressure sensors are installed to measure the pressure transients in the pressure vessel and at the top of the water pool, respectively. After the rupture disk breaks, nitrogen gas is ejected from the pressure vessel to the water pool, driving the particle bed upward. At the same time, the pressure transducers shown in Fig. 3 transfer pressure transient information to a PC-based data acquisition system. Two high-speed cameras, both of which can record 400 frames per second, are used to record the movement of the particle bed and the water surface level changes in the upper pipe, respectively.
The rupture disk used to seal the pressure vessel in the beginning of the experiment is a hand-made diaphragm of polyester resin. It is designed to rupture at desired pressures. When the pressure in the pressure vessel reaches the rupture limit of the diaphragm, the rupture disk will break and the initially pressurized nitrogen gas will spurt into the pool, thereby driving the particle bed upward inside the water pool. The water pool is filled with room temperature water up to the upper pipe with a height of around 110 mm from the top of the water pool. The pressure vessel is charged with pressurized nitrogen gas directly from a nitrogen bottle. The breaking of the rupture disk is triggered by the release of the pressurized nitrogen gas in the supply line controlled by two valves. The laser detector at the bottom of the inner water pool determines the instant when the nitrogen gas begins to release into the inner water pool, and subsequently the two high-speed cameras begin operating.
Several kinds of particles with different densities and the same diameter of 6 mm, including one kind of plastic particles (YB balls) with a density of 1,008.5 kg/m 3 , another kind of plastic particles (BB balls) with a density of 2,202.8 kg/ m 3 , and Al 2 O 3 balls with a density of 3,582.8 kg/m 3 , were used, respectively, to form the 50 mm-height particle bed at the bottom of the water pool. For each kind of particle, experimental cases with different rupture pressures ranging from 0.2 to 0.3 MPa were performed. Corresponding reference cases without the 50 mm-height particle bed were also performed under the same conditions. Figure 4 shows a schematic view of the analytical geometry used in the SIMMER-III code for the corresponding experimental simulations. A two-dimensional cylindrical geometry is adopted. Taking the size of particles into consideration, a computational cell size of 12.5 and 10 mm in the radial and axial directions, respectively, is used in the particle bed. In the radial direction, 13 cells are defined, while the axial direction has 128 cells. For the water pool, there are 83 cells in the axial direction.
Experimental Simulation

IV. Results and Comparisons
In the experiments, the initial pressure of the nitrogen gas in the pressure vessel and the type of particles that form the particle bed were taken as experimental parameters. The experimental results of all cases show very similar transient behaviors, although the absolute values in pressure transients and gas volume changes, as well as the surface height change of the particle bed, do show some differences. All reference cases also show pressure transients and gas volume changes similar to their corresponding experiments with the particle bed, and this is because the height of the particle bed is very low compared to the height of the whole water pool. This paper will mainly present comparisons between the experimental and simulated results of five selected cases due to the similarity of all cases. The initial conditions of Table 1 . The first case has an initial nitrogen gas pressure of 0.304 MPa and YB balls were used to form the particle bed with an initial particle volume fraction of 0.65. The second and third cases have an initial nitrogen gas pressure of 0.296 and 0.199 MPa, respectively. The particle beds of these two cases were made of BB balls with an initial particle volume fraction of 0.61. In the fourth case, which has an initial nitrogen gas pressure of 0.301 MPa, Al 2 O 3 balls were used to form the particle bed with an initial particle volume fraction of 0.64.
In the following sections, the pressure transients and gas volume changes of the above four cases will be presented. For particle bed movement, the results of two cases using BB balls forming the particle bed with an initial particle volume fraction of 0.61 will be presented. One of these cases is the above-mentioned second case with an initial nitrogen gas pressure of 0.296 MPa. The other case (the fifth case) has an initial nitrogen gas pressure of 0.237 MPa.
In addition, simulated results both with and without the application of the viscous diffusion term coupled with the particle viscosity model are presented in this paper together with the corresponding experimental results. In all of the following figures, VDT ON/OFF refers to simulations by the SIMMER-III code with (ON) and without (OFF) the viscous diffusion term coupled with the particle viscosity model.
Gas Volume Change
Figures 5 to 8 show comparisons of the nitrogen gas volume change in the water pool together with that in the pressure vessel of the selected four cases, respectively. The experimental data of the gas volume change were obtained from the water surface level changes in the upper pipe recorded by one of the high-speed cameras, while the results of the SIMMER-III simulation comprised the total volume change of the nitrogen gas in the water pool together with that in the pressure vessel. The time zero is hereafter defined by the triggering of the diaphragm rupture.
The experimental results in Figs. 5 to 8 show that the nitrogen gas volume begins to increase with the expansion of the pressurized nitrogen gas in the pressure vessel after the rupture disk is broken, while tens of seconds later the nitrogen gas volume starts to decrease. This is because, accompanying the first expansion of the nitrogen gas, the pressure of the nitrogen gas becomes lower than the atmospheric pressure due to the inertia of water slug. When the nitrogen gas pressure decreases to a value that is smaller than the surrounding pressure, the nitrogen gas will be compressed, and as a result the nitrogen gas volume decreases.
Comparisons between the simulated and experimental results of all four cases show that the SIMMER-III simulation with the particle viscosity model coupled with the viscous diffusion term gives poor results. It can also be seen from these figures that the results simulated by the SIMMER-III code without the viscous diffusion term agree quite well with their experimental counterparts in the first nitrogen expansion and the following compression process.
The simulation results shown in Figs. 6 and 7 indicate that the negative influence of the viscous diffusion term becomes much more obvious when the initial pressure of the nitrogen gas is much lower. This may be because the smaller driving force for the solid particles leads to the dominant effect of the particle viscosity model used in the viscous diffusion term, which considers the inter-cell momentum transfer. A comparison of simulation results among the cases performed under almost the same initial pressure shows the influence of the initial particle volume fraction on the viscous diffusion term. It can be seen from Fig. 6 that the viscous diffusion term with an initial particle volume fraction smaller than the value of MP exerts a smaller influence on the result in comparison with the cases in which the initial particle volume fraction exceeds the value of MP (Figs. 5 and 8 ).
These results follow the characteristics of the function used for the particle viscosity model, in which the effective viscosity will increase to a very large value, as shown in Fig. 2 , when the solid particle volume fraction is approaching the maximum volume fraction of solid particles defined in Eq. (5) . From the comparison between the experimental and simulated results with the viscous diffusion term coupled with the particle viscosity model, we can say that the viscous diffusion term coupled with the particle viscosity model underestimates the gas volume change. This may be because the particle viscosity model given by Eq. (5) overestimates the effective viscosity appearing in the viscous diffusion term. With the overestimated effective viscosity, the resistance to the expansion of the nitrogen gas is in turn overestimated such that simulations with the viscous diffusion term give the underestimated results shown in Figs. 5 to 8.
Pressure Transients
Simulated pressure transients were obtained from the pressure data of the computational cells where pressure sensors are located. Figures 9 to 12 show the pressure transient comparisons between the simulated and experimental results in the pressure vessel of the selected four cases, respectively. The experimental results in Figs. 9 to 12 show that in the pressure vessel, nitrogen gas pressure decreases rapidly after the rupture disk breaks due to the expansion of the initially pressurized nitrogen gas. It then increases again due to the subsequent compression of the nitrogen gas.
Similar to what is shown in Figs. 5 to 8, the comparisons between the simulated and experimental results of all four cases show that the SIMMER-III simulation with the particle viscosity model coupled with the viscous diffusion term does not yield good results. Figures 9 to 12 also show that the lower the initial nitrogen gas pressure and the larger the initial particle volume fraction become, the worse the viscous diffusion term coupled with the particle viscosity model in- The poor results shown in the pressure transients might also be explained with the possible overestimated effective viscosity appearing in the viscous diffusion term in the particle viscosity model. Comparing the experimental results with the simulated results using SIMMER-III without the viscous diffusion term, it can be concluded that under the present experimental conditions, SIMMER-III without the viscous diffusion term can reasonably represent the observed pressure decrease in the pressure vessel caused by the expansion of the initially pressurized nitrogen gas as well as the following pressure increase caused by the subsequent compression of the nitrogen gas.
Surface Height Change of the Particle Bed
During the experiments, one of the high-speed cameras was especially used for recording the particle bed behavior. However, due to the invisibility of the inside of the particle bed caused by the opacity of the particle bed, the information recorded by the camera consists of only the surface change information of the particle bed. In this section, a comparison will be performed between the simulated and experimental results for the surface height change of the particle bed. Because of the difficulty of recognizing the respective images of particles and bubbles through the camera, the particle bed surface height changes before the passing of bubbles through the particle bed, and in particular the data obtained in the first nitrogen expansion period, will be the main focus of the comparison.
From the discussion in the above sections, it is clear that the particle viscosity model coupled with the viscous diffusion term has less positive influence on the simulated results. In addition, the more tightly the solid particles are packed initially, the more enhanced the negative effect of the viscous diffusion term becomes. Therefore, in this and also the following sections, the results of two cases with a relative smaller initial particle volume fraction will be discussed. Figures 13 and 14 show the experimental and simulated results of the two cases using BB balls to form the particle bed with an initial particle volume fraction of 0.61 but with a different initial nitrogen pressure of 0.296 and 0.237 MPa, respectively. There are obvious differences in the shapes of the particle bed between the experimental images and the The experimental data are obtained by calculating the surface height change of the particle bed in the central-axial direction from the particle bed images recorded by the highspeed camera. The simulation results of SIMMER-III are defined in such a way that if the particle volume fraction, along with the central axis of the leftmost cells defined in Fig. 4 , is no less than 0.10 in a computational cell, then the axial height of this computational cell will be counted in the particle bed height. As a result, the height change obtained from the SIMMER-III simulation indicates a step change, as shown in Figs. 13 and 14 .
Taking the axial cell sizes and step change into consideration, it can be said that the results simulated by SIMMER-III without the viscous diffusion term agree well with their counterparts for the particle bed movement caused by the expansion of the nitrogen gas.
Images of the Particle Bed
Besides the quantitative comparison presented in the above sections, a visual comparison will be presented here between the simulation and experimental results on the transient behavior of the particle bed in the water pool. From the above discussion, it could be said that SIMMER-III without the viscous diffusion term can reasonably represent the transient behavior against the pressure transient of the initially pressurized nitrogen gas. Images of this transient process of the particle bed coming from one of the high-speed cameras are compared with the simulated images. Figures 15  and 16 show images of the particle bed of the same two cases described in the above section.
For a comparison between simulated images and their corresponding experimental counterparts, in Figs. 15 and 16 , frames taken at the times of 20, 60, 100, 150, 200, and 250 ms are shown. In these figures, both the images coming from the camera and the simulated results represent a region of 310 mm (diameter of the inner cylindrical water pool)Â 325 mm (height). The base of the images corresponds to the axial location of the iron sieve (Fig. 3) , which is 10 mm below the bottom of the water pool.
In Figs Simulation of the Dynamic Behavior of the Solid Particle Bed in a Liquid Pool the experimental images, while the other columns show the SIMMER-III simulation distribution images of the total volume fraction of solid particles and nitrogen gas. The experimental images show rough information regarding the movement of the solid particle and nitrogen-gas mixture inside the water pool. At first, the particle bed was driven to move upward with the expansion of the nitrogen gas coming from the pressure vessel. Then, with the decrease of the nitrogen gas volume as shown in Fig. 6 , the upward velocity of the particle bed decreased, and even some backflow occurred. Finally, with the nitrogen gas expanding again, it passed through the particle bed. Although it is difficult to compare the detailed phase distributions because of the poor visibility of the particle bed under the current experimental conditions, the rough boundary images can be compared from these images. It can be seen from Figs. 15 and 16 that the SIMMER-III simulations with the viscous diffusion term coupled with the particle viscosity model give quite different images from the experimental ones. As explained in Sections 1 and 2, this may be because the effective viscosity overestimated by the particle viscosity model causes larger resistance to the upward movement of the mixture. A comparison between Figs. 15 and 16 shows that the lower initial nitrogen gas pressure leads to a more negative effect on the particle bed movement in the simulation. This is because less dispersal behavior of the solid-particle phase, which is caused by the lower initial pressure, results in the dominant influence of the particle viscosity model.
Comparing the experimental images with the images from the simulated results using SIMMER-III without the viscous diffusion term, Figs. 15 and 16 visually support the agreement between the simulated and experimental results of the surface height change of the particle bed, shown in Figs. 13 and 14, respectively. The images at 200 and 250 ms show the behavior of the nitrogen bubble, which is passing through the particle bed. Based on such a qualitative analysis, the general movement trend shown by the SIMM-ER-III simulation agrees well with the results of the experiments.
Summarizing Discussion
In the experimental simulations using SIMMER-III, the effect of the particle jamming model and the particle viscosity model was examined. What needs to be explained is that the effect of the particle viscosity model is considered separately with respect to two aspects. One aspect is that applied in K0 of the fluid-fluid drag term, and the other is considered by observing the effect of the viscous diffusion term coupled with the particle viscosity model. The latter will have its effect even if there are no velocity differences between phases.
Thus, comparisons were performed between the experimental results and their corresponding simulated results using the SIMMER-III code both with and without the viscous diffusion term coupled with the particle viscosity model. They show that the viscous diffusion term coupled with the particle viscosity model has no 'positive' but some 'negative' influences on the results. The reason for this may be because the particle viscosity model used overestimates the effective viscosity appearing in the viscous diffusion term. The comparisons also indicated that SIMMER-III without the application of the viscous diffusion term can well represent the dynamic behavior of the particle bed in a water pool caused by the pressure transient of the initially pressurized nitrogen gas in the pressure vessel under the present experimental conditions.
Moreover, further comparisons between the results indicate that the particle viscosity model applied in K0 and the particle jamming model show no obvious influence on the simulated results of the pressure transients, the gas volume change in the water pool, the pressure vessel, or the surface height change of the particle bed, although the simulated results do indicate that the particle jamming model has some influence on the solid particle phase distribution inside the particle bed. In the SIMMER-III simulation for the current three-phase system of water, solid particles, and nitrogen gas, the particle viscosity model works in the momentum exchange functions K0 between water and the nitrogen gas. This means that the particle viscosity model applied in K0 only works in computational cells where all three phases (water, solid particles, and nitrogen gas) exist. On the other hand, under the present experimental conditions, there are few solid particles in most computational cells, in which nitrogen gas exists. The low concentration of solid particles in these computational cells leads to the decrease of the effect of the particle viscosity model. The particle jamming model, which was originally introduced for channel flows especially effective in a one-dimension condition, did not show any obvious influence on the results. This may be due to the outward movement in the current experiments in the water pool with two-dimensional simulations since this outward movement could also dilute the concentration of the solid particles and in turn decrease the effect of the particle jamming model.
V. Conclusion
In this study, a series of experiments has been performed to simulate the behavior of a solid particle bed in a liquid pool against pressure transients in order to verify the validity of the SIMMER-III code on simulating transient pool multiphase flows with rich solid phases. Experimental results show that similar transient behaviors of the particle bed form by different kinds of solid particles even when the difference in density is above 1,000 kg/m 3 . This may be partially due to the contribution of high water height in the water pool. Therefore, further experiments with a lower water height in the pool may be necessary.
Comparisons between the results of the SIMMER-III simulation and its corresponding experiments demonstrate that SIMMER-III without the application of the viscous diffusion term can reasonably represent the dynamic behavior of pool multiphase flows with a rich solid phase caused by the pressure transient of the pressurized gas under the present experimental conditions.
Model validations indicate that the viscous diffusion term coupled with the particle viscosity model show some obvi-ous 'negative' effects on the results. Such results are caused by the coupled particle viscosity model, which overestimates the effective viscosity in the viscous diffusion term. This may be also because the present experiments were performed under a quite lower pressure range and because the initial solid particle volume fractions are very close or even exceed the maximum volume fraction of solid particles defined in the particle viscosity model. Moreover, the applicability of the particle viscosity model, which has been verified in experiments with rather small particles, to mixtures with a wider range of volume fraction and much larger particles needs to be investigated. In addition, the particle viscosity model applied in the momentum exchange function and the particle jamming model show no obvious influence on the obtained transient characteristics. Thus it is thought that the outward movement of the particles after the injection of the gas phase dilutes the concentration of the solid particles in computational cells, which in turn decreases the effect of the two models. Simulated results did show, however, some influences of the particle jamming model on the solid particle phase distribution, for which currently no experimental data is available. Further experiments might therefore be necessary for advanced verification of the particle jamming model.
